As human beings, we are an inseparable part of our global environment. Natural resources from the environment, including natural energy resources, play a key role in the development of human civilization; however, the global environment has not been managed well during the course of civilization. Therefore, one of the most important challenges for the world nowadays is to find applications that utilize sustainable and renewable sources of energy, such as solar cells, wind turbines, fuel cells, et al.
Introduction
We, as human beings, are born into natural world and will continue to be part of the environment for the rest of the history. Tens of thousands of years ago, our ancestors learned how to start a fire with a flint stone. It was at that moment when human beings first started to harness the energy from environment. For the past thousands of years, all sorts of energy sources, such as coal, oil, wind, nuclear, hydroelectric energy, petroleum, and others, have been utilized over the long history of human development, sometimes at great expense to the environment. In the past several decades, however, this process of ecological and environmental degradation has been taken to alarming levels; so much so that the climate of our entire planet is being adversely affected to a greater extent with each passing year. Energy has been one of the most important challenges for the world, scientifically and technologically. From the energy batteries in the smart phone to the fuel for the rocket, it has become more and more important in our daily life. However, most of the world's current energy supply, such as oil, coal, and natural gas, is from nonrenewable sources and causes serve environmental issues, including global climate change and pollution. Fig. 1 is only the tip of the iceberg that our species has contributed to the degradation of the environment: traditional energy mining destroys the habitat of creatures and causes pollution (Fig. 1a) ; ocean becomes ocean of trash (Fig. 1b) . The victims are not only the environment and animals but also ourselves ( Fig. 1c and 1d) .
Explosive growth of the global population and the associated exponential demand for energy are exhausting our fossil fuel supplies at an alarming rate, which may reach a Malthusian trap any time (resources vs. population, inset in Fig. 2 3 ). Currently, about 13 terawatts (TW) of energy is needed to sustain our way of life around the planet. In the year 2050, an additional 10 TW of energy is projected to be required to maintain our future consumption.
1 Therefore, without a doubt, the supply of clean sustainable energy is considered as one of the most important scientific and technical challenges facing humanity in the current century. 2 
Sustainability and renewability: solar cells
One hour of energy from the sun can support the whole world's energy consumption for a single month. In 1954, the first silicon solar cell was invented at Bell Laboratories. Since then, photovoltaic (PV) power is considered to be a sustainable and clean energy which can help to meet the projected energy requirement in the upcoming decades. Currently, most of the commercialized solar cells are based on inorganic silicon semiconductors with high power conversion efficiencies (PCEs) of 26% in lab and about 20% for module, 4 
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FTO glass and metal, such as gold, silver and nickel, [17] [18] [19] are used as the electrodes. On top of the halide perovskite coated on TiO 2 , a hole transport material (HTM) is coated. Among all the organic and inorganic HTMs, such as CuSCN and CuI, 20, 21 spiro-OMeTAD is the mostly used with the highest PCE. 8 In less than 10 years, the exponential growth of PCEs has been due to the engineered science and technology of material and chemistry.
22-24
The developmental story of halide perovskite materials is not over yet. As progress in solar cells is still ongoing, scientists find more and more unique properties of halide perovskite materials 25 and expand 
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the application of into lots of other fields, such as light emitting and sensors. [26] [27] [28] [29] 3. Energy, environment and economy balance (3E balance) Fig. 5 demonstrates the concept of a 3E balance. Economy growth requires more and more green energy industry; sufficient, stable and affordable energy boosts the economic growth. Economy growth cannot be at the sacrifice of environment, however, which needs environmentally friendly production processes and activities; on the other hand, a polluted environment will undoubtedly slow economic growth. Environmentally friendly and efficiently utilization of energy will boost the economy, as will the development of a sustainable environment and renewable energy supply. The inset photos of solar cell powered aircraft and automobiles are a great example of energy, environmental, and economic balance. Compared with vehicles based on non-renewable energy, solar cell powered aircraft and cars generate zero emission.
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